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(54) FUEL CELL STACK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To effectively prevent the 
temperature of each unit cell from lowering by a simple 
structure to improve the generating performance of the unit cell 
and easily enable a fuel cell stack to miniaturize. 
SOLUTION: A laminate 14 obtained by laminating a plurality of 
electrolyte membrane-electrode structures 30 through first and 
second separators 38, 40 is provided, and heat-generating 
members 18a, 18b are respectively provided on both sides of 
the laminate 14 through a cathode-side collector plate 16a and 
an anode-side collector plate 1 6b. The heat-generating 
members 18a, 18b each have a metal foil heater 56, and the 
metal foil heater 56 is laminated by an insulating film 58. 
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* NOTICES * 

r 

iTPO and NCIPX are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] Have the electrolyte and the electrode structure which prepared the electrode of a pair in 
electrolytic both sides, and it has the layered product to which the laminating of two or more said 
electrolytes and electrode structures was carried out through the separator. It is the fuel cell stack which 
prepared the power ejection terminal in the both sides of said layered product. For one [ at least ] power 
ejection terminal It is the fuel cell stack characterized by equipping said exoergic member with the metallic 
foil heater at which the insulating film was prepared in one side at least while countering a field opposite to 
the field which counters said layered product and arranging an exoergic member. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has the electrolyte and the electrode structure which prepared the 
electrode of a pair in electrolytic both sides, is equipped with the layered product to which the laminating of 
two or more said electrolytes and electrode structures was carried out through the separator, and relates to 
the fuel cell stack which prepared the power ejection terminal in the both sides of said layered product. 
[0002] 

[Description of the Prior Art] In recent years, various kinds of fuel cells are developed, for example, the 
polymer electrolyte fuel cell (PEFC) is known. The electrolyte membrane which consists of macromolecule 
ion exchange membrane (cation exchange membrane) is used for this polymer electrolyte fuel cell, and it is 
equipped with the unit cell (unit fuel cell eel) constituted by pinching the electrolyte (film) and the electrode 
structure constituted by **(ing) the anode lateral electrode and cathode lateral electrode which become the 
both sides of this electrolyte membrane from a catalyst electrode and porosity carbon, respectively an 
opposite with a separator (bipolar plate). Usually, the laminating only of the predetermined number is 
carried out and this unit cell is used as a fuel cell stack. 

[0003] In this kind of fuel cell stack, hydrogen is ionized on a catalyst electrode and the fuel gas supplied to 
the anode lateral electrode, for example, the gas which mainly contains hydrogen, (henceforth hydrogen 
content gas) moves to a cathode lateral electrode side through an electrolyte. The electron produced in the 
meantime is taken out by the external circuit, and is used as electrical energy of a direct current. In addition, 
since oxidant gas, for example, the gas which mainly contains oxygen, or air (henceforth oxygen content 
gas) is supplied, a hydrogen ion, an electron, and oxygen react in this cathode lateral electrode, and water is 
generated by the cathode lateral electrode. 

[0004] By the way, in the fuel cell stack, the unit cell in which a temperature fall is easy to be caused by 
heat dissipation to the exterior compared with other unit cells exists. For example, the unit cell (henceforth 
an edge eel) arranged at the direction edge of a laminating has much heat dissipation by the power ejection 
terminal (collecting electrode plate) which collects the charges generated by for example, each unit cell, the 
end plate prepared in order to hold the unit cell by which the laminating was carried out, and the above- 
mentioned temperature fall becomes remarkable. The fault that are easy to generate dew condensation 
compared with the central part of a fuel cell stack, eccritic [ of generation water ] falls in an edge eel, and 
the generation-of-electrical-energy engine performance falls by this temperature fall is pointed out. 
[0005] The slot for cooling fluid conduction is not formed in the separator of the outside which constitutes 
an edge eel, but the solid-state polyelectrolyte mold fuel cell of the structure which does not cool this 
separator too much with the fluid for cooling is known there as indicated by JP,8-130028,A (henceforth the 
conventional technique 1). This has prevented past [ of an edge eel / a cold coconut ]. 
[0006] Moreover, in the solid-state polyelectrolyte mold fuel cell indicated by JP,8- 167424, A (henceforth 
the conventional technique 2), the heating element heated according to the current which a solid-state 
polyelectrolyte mold fuel cell outputs is formed in the part of the collecting electrode plate contacted by the 
lateral surface of a separator of the layered product of a unit fuel cell located at least in the end of both ends. 
Past [ of an edge eel / a cold coconut ] is prevented by this. 

[0007] Furthermore, in the laminating mold fuel cell indicated by JP,7-326379,A (henceforth the 
conventional technique 3), while a gas connection plate is arranged in the both ends of a eel layered product, 
the vacuum layer and the air space are formed in said gas connection plate. For this reason, the heat 
dissipation to the exterior of a eel layered product is prevented under a heat insulation operation of a vacuum 
layer and an air space. 
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[0008] 

[Problem(s) to be Solved by the Invention] However, with the above-mentioned conventional technique 1 , 
the separator with which the slot for cooling fluid conduction was formed, and the separator with which this 
slot is not formed are needed. While the class of separator increases and the production process of said 
separator is complicated by this, there is a problem that a manufacturing cost soars. 
[0009] Furthermore, with the above-mentioned conventional technique 2, the heating element made from 
electrical resistance materials, such as an alloy for electric heat, is prepared between the collecting electrode 
plate and the cell (unit cell). For this reason, in practice, the laminating of a heating element, a collecting 
electrode plate, an electric insulating plate, and the end plate is carried out to the both ends of an end cell, 
and the problem that the whole fuel cell stack is enlarged in the direction of a laminating is pointed out to 
them. 

[0010] With the above-mentioned conventional technique 3, since the vacuum layer and the air space are 
formed in the gas connection plate and a grid-like slot, circular Zagury, etc. are prepared in this gas 
connection plate, the thickness of said gas connection plate itself will become large fairly, and will become a 
plate with low dimensional accuracy further again. Therefore, while the planar pressure distributed load of 
the fuel cell stack which is a layered product inclines and resistance between unit cells becomes large, there 
is a problem that said fuel cell stack itself is enlarged. 

[001 1] While this invention solves this kind of problem, is an easy configuration, prevents the temperature 
fall of a unit cell effectively and raises the generation-of-electrical-energy engine performance of each unit 
cell, it aims at offering the fuel cell stack which can attain a miniaturization easily. 
[0012] 

[Means for Solving the Problem] In the fuel cell stack concerning claim 1 of this invention, it has the 
electrolyte and the electrode structure which prepared the electrode of a pair in electrolytic both sides, and 
while said electrolyte and electrode structure are equipped with the layered product by which the laminating 
was carried out through the separator and prepares a power ejection terminal in the both sides of said layered 
product, a field opposite to the field which counters one [ at least ] power ejection terminal at said layered 
product is countered, and an exoergic member is arranged. This exoergic member is equipped with the 
metallic foil heater at which the insulating film was prepared in one side at least. 

[0013] For this reason, an exoergic member can make an electric insulating plate unnecessary while being 
set as the film structure by which thinning was carried out effectively. Thereby, it becomes possible about 
the whole fuel cell stack a miniaturization and to lightweight-ize. And in order not to use the conventional 
heat insulation plate, the bias of planar pressure distribution can be reduced and reduction of the contact 
resistance between unit cells is achieved. Furthermore, since there is little heat capacity, the standup of a 
metallic foil heater becomes early and it becomes possible to cancel quickly the condition by generation 
water which cannot be put into operation especially at the time of starting at the freezing point. 
[0014] 

[Embodiment of the Invention] Drawing 1 is the outline perspective view of the fuel cell stack 1 0 
concerning the operation gestalt of this invention, and drawing 2 is the important section decomposition 
perspective view of said fuel cell stack 1 0. 

[0015] The fuel cell stack 10 is equipped with the layered product 14 which carried out the laminating of 
two or more unit cells 12 in the direction of arrow-head A, and the edge eels 12a and 12b are arranged in the 
both ends of said layered product 14. Outside the edge eels 12a and 12b, the exoergic members 18a and 18b 
are arranged through cathode side collecting electrode plate (1st power ejection terminal) 16a and anode 
side collecting electrode plate (2nd power ejection terminal) 16b, and end plates 20a and 20b are arranged in 
a way side by the way outside said exoergic members 18a and 18b. The fuel cell stack 10 is constituted by 
being bound tight in one with the tie rod which end plates 20a and 20b do not illustrate. 
[0016] A unit cell 12 and the edge eels 12a and 12b are constituted similarly, and explain edge eel 12a 
hereafter. 

[0017] As shown in drawing 2 , edge eel 12a is equipped with an electrolyte membrane and the electrode 
structure 30. This electrolyte membrane and electrode structure 30 have formed the cathode lateral electrode 
36 in the field of another side while forming the anode lateral electrode 34 in one field of the solid-state 
polyelectrolyte film 32. The anode lateral electrode 34 and the cathode lateral electrode 36 join the catalyst 
electrode layer of a noble-metals system to the gaseous diffusion layer which consists of porosity carbon 
paper which is a porous layer, and are constituted. 

[0018] When an electrolyte membrane and the electrode structure 30 are pinched by the 1st and 2nd 
conductive separators 38 and 40, edge eel 12a is constituted. Oxidant gas supply free passage way 42a, fuel 
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gas discharge free passage way 44b, and cooling-medium supply free passage way 46a are prepared in the 
direction (direction of arrow-head B) end edge of a long side of edge eel 1 2a. Cooling-medium discharge 
free passage way 46b, fuel gas supply free passage way 44a, and oxidant gas discharge free passage way 
42b are prepared in the direction other end edge of a long side of edge eel 12a. 

[0019] The 1st separator 38 establishes the fuel gas passage 48 in field 38a which counters the anode lateral 
electrode 34. This fuel gas passage 48 is constituted by two or more passage slots which an other end side 
opens for free passage to fuel gas discharge free passage way 44b while an end side is open for free passage 
to fuel gas supply free passage way 44a. 

[0020] Two or more oxidant gas passage 50 which both ends open for free passage to oxidant gas supply 
free passage way 42a and oxidant gas discharge free passage way 42b is established in field 40a which 
counters the cathode lateral electrode 36 of the 2nd separator 40 like the 1st separator 38. The cooling- 
medium passage 52 which is open for free passage to cooling-medium supply free passage way 46a and 
cooling-medium discharge free passage way 46b is established in field 40b of the 2nd separator 40. 
[0021] Cathode side collecting electrode plate 16a consists of right conductor terminals, such as for 
example, gold plate copper. It projects to the method of outside and a terminal area 54 is formed in the 
direction end section of a long side of this cathode side collecting electrode plate 1 6a. 
[0022] Exoergic member 18a is equipped with the metallic foil heater 56 as shown in drawing 2 and 
drawing 3 , and even if there are few these metallic foil heaters 56, with one side and this operation gestalt, 
the insulating film 58 is formed in both sides through the heat-resistant adhesive layer 60. This insulating 
film 58 consists of polyimide, polyester, or polyethylene terephthalate (PET). 

[0023] The metallic foil heater 56 forms thin resistance foils, such as a nickel alloy, in the predetermined 
pattern configuration PI (refer to drawing 4 ) with etching, a press, etc., laminates this from both sides with 
the insulating film 58, and is constituted. Since it responds to the request of** to want to warm a 
generation-of-electrical-energy side to homogeneity, or give the heat gradient according to an application, 
the metallic foil heater 56 can be changed into the predetermined pattern configurations P2, P3, P4, and P5 
shown in drawing 8 besides thru/or (for example, drawing 5 ). [ configuration / PI / predetermined / which 
is shown in drawing 4 / pattern ] 

[0024] Exoergic member 18a is somewhat set as a big dimension rather than the periphery dimension of said 

cathode side collecting electrode plate 16a, in order to prevent the short circuit by the discharge transmitted 

in the inside of the same dimension as cathode side collecting electrode plate 1 6a, or air. 

[0025] In addition, the anode side collecting electrode plate 16b and exoergic member 18b side is 

constituted like the cathode side collecting electrode plate 16a [ which was mentioned above ] and exoergic 

member 18a side, the same reference mark is given to the same component, and the detailed explanation is 

omitted. 

[0026] To cathode side collecting electrode plate 16a, anode side collecting electrode plate 16b, the exoergic 
members 18a and 18b, and end plates 20a and 20b Like edge eel 12a, at the direction end edge of a long side 
Oxidant gas supply free passage way 42a, While fuel gas discharge free passage way 44b and cooling- 
medium supply free passage way 46a are prepared, cooling-medium discharge free passage way 46b, fuel 
gas supply free passage way 44a, and oxidant gas discharge free passage way 42b are prepared in the 
direction other end edge of a long side. 

[0027] While loads (not shown), such as a motor, are connected electrically, power is supplied to the 
exoergic members 18a and 18b at cathode side collecting electrode plate 16a and anode side collecting 
electrode plate 16b if needed from said cathode side collecting electrode plate 16a and said anode side 
collecting electrode plate 16b. 

[0028] Thus, actuation of the fuel cell stack 10 constituted is explained below. 

[0029] By the fuel cell stack 10, as shown in drawing 1 , while fuel gas, such as hydrogen content gas, is 
supplied to fuel gas supply free passage way 44a, the oxidizer gas which is oxygen content gas, such as air, 
is supplied to oxidant gas supply free passage way 42a, and cooling media, such as pure water, ethylene 
glycol, and oil, are further supplied to cooling-medium supply free passage way 46a. For this reason, within 
the fuel cell stack 1 0, fuel gas, oxidant gas, and a cooling medium are supplied to two or more unit cell 1 2 
and edge eels 12a and 12b which were piled up in the direction of arrow-head A. 

[0030] As shown in drawing 2 , the oxidant gas supplied to oxidant gas supply free passage way 42a flows 
along the direction of arrow-head A, and is introduced into the oxidant gas passage 50 established in field 
40a of the 2nd separator 40. The oxidant gas introduced into this oxidant gas passage 50 moves along with 
the cathode lateral electrode 36, and used oxidant gas is discharged from oxidant gas discharge free passage 
way 42b. 
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[003 1 ] On the other hand, the fuel gas supplied to fuel gas supply free passage way 44a flows along the 
direction of arrow-head A, and is introduced into the fuel gas passage 48 established in field 38a of the 1st 
separator 38. After the fuel gas introduced into the fuel gas passage 48 moves along with the anode lateral 
electrode 34, said used fuel gas is discharged by fuel gas discharge free passage way 44b. Therefore, in an 
electrolyte membrane and the electrode structure 30, the oxidant gas supplied to the cathode lateral electrode 
36 and the fuel gas supplied to the anode lateral electrode 34 are consumed according to electrochemical 
reaction within a catalyst electrode layer, and a generation of electrical energy is performed. 
[0032] Moreover, after the cooling medium supplied to cooling-medium supply free passage way 46a is 
introduced into the cooling-medium passage 52 established in field 40b of the 2nd separator 40 and cools 
the inside of the generation-of-electrical-energy side of an electrolyte membrane and the electrode structure 
30, it is discharged from cooling-medium discharge free passage way 46b. 

[0033] By the way, in case the temperature of the fuel cell stack 10 is below predetermined temperature, 
power is supplied to the metallic foil heater 56 which constitutes the exoergic members 18a and 18b from 
said fuel cell stack 1 0. For this reason, exoergic member 1 8a and the 1 8b itself are heated, and the edge eels 
12a and 12b arranged by approaching said exoergic members 1 8a and 1 8b are heated. 

[0034] Thereby, the generation water generated within this edge eel 12a and 12b does not condense by heat 
dissipation from the edge eels 12a and 12b of the fuel cell stack 10. And the temperature fall of the edge eels 
12a and 12b can be prevented, and it becomes possible to maintain effectively the generation-of-electrical- 
energy engine performance of said edge eels 12a and 12b. 

[0035] Here, the exoergic members 18a and 18b laminate the metallic foil heater 56 from both sides with the 
insulating film 58, and consist of these operation gestalten. Specifically, the exoergic members 18a and 18b 
are set as the film structure in within the limits whose thickness is 0.1mm - several mm by which thinning 
was carried out. 

[0036] Moreover, with the conventional stack edge structure, a collecting electrode plate and a heat 
insulation plate (or warming plate) may be arranged in an edge eel, and the laminating of the end plate may 
be carried out to the case where arrange a heat insulation plate (or warming plate) and a collecting electrode 
plate in an edge eel, and the laminating of the end plate is carried out to it. However, in any case, since the 
insulation to an end plate is required, the electric insulating plate made of resin is arranged inside said end 
plate. 

[0037] On the other hand, with the operation gestalt of this invention, the metallic foil heater 56 is laminated 
with the insulating film 58. For this reason, exoergic member 18a and the 18b itself have the function to 
insulate cathode side collecting electrode plate 16a and anode side collecting electrode plate 16b, and end 
plates 20a and 20b, and it can make unnecessary the electric insulating plate made of conventional resin. 
[0038] Therefore, with this operation gestalt, it becomes possible effectively about the fuel cell stack 10 
whole a miniaturization and to lightweight-ize. And since a heat insulation plate is not used, the bias of 
planar pressure distribution of the fuel cell stack 10 can be reduced, and the contact resistance between unit 
cells 12 can be reduced. Thereby, it enables the fuel cell stack 10 to maintain certainly the good generation- 
of-electrical-energy engine performance. 

[0039] Furthermore, since there is little heat capacity, the standup of the metallic foil heater 56 becomes 
early, and it becomes possible to cancel quickly the condition by generation water which cannot be put into 
operation especially at the time of starting at the freezing point. Moreover, since the insulating film 58 
laminates the metallic foil heater 56, waterproof and insulating improvement can be aimed at. 
[0040] With this operation gestalt, it becomes possible, for example by choosing the metallic foil heater 56 
as the predetermined pattern configuration PI (referring to drawing 4 ) to warm the inside of a generation- 
of-electrical-energy side to homogeneity further again. In addition, the part into which the heat gradient 
within a generation-of-electrical-energy side is changed and which generation water tends to dew can also 
be warmed preponderantly. For example, while the part which especially near the outlet of reactant gas 
tends to dew by choosing the predetermined pattern configuration P4 shown in drawing 7 can be warmed 
effectively, it becomes possible to warm the periphery section which is especially easy to radiate heat by 
choosing the predetermined pattern configuration P5 shown in drawing 8 . 

[0041] And while becoming possible to maintain the inside of a layered product 14 to the optimal 
temperature which can control dew condensation of generation water by adjusting the amount of currents 
supplied to the metallic foil heater 56, at the time of freezing point starting, by passing more currents, the 
frozen generation water is melted quickly and quick starting is carried out. 
[0042] 

[Effect of the Invention] In the fuel cell stack concerning this invention, while an exoergic member is set as 
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the film structure by which thinning was carried out effectively, an electric insulating plate can be made 
unnecessary and it becomes possible about the whole fuel cell stack a miniaturization and to lightweight-ize. 
And in order not to use a heat insulation plate, the bias of planar pressure distribution can be reduced, the 
contact resistance between unit cells can be reduced, and it becomes possible to maintain certainly the good 
generation-of-electrical-energy engine performance. 

[Translation done.] 
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18bO^MCC« 4 x>F7'L/-h20a 1 2 0 b 
SiSSnS. x>F^U-F20a t 2 0b«l^ 

[0016] #{4-fe^ 1 2 «5<fc VNHK-ls^ 12a, 12 

btt. i^iatcaiJiSsn-cfeD, i^r, sshzjh 2 ate 

[0 0 17] B2CC7j*-r«fc5K: % SSa5-fe;H 2att, ^ 

HSfif^f*3 0 « % l(fi(W«B*J13 2 <0—^<Dm 
ICTS- FflKS3 4£Rtt££ ftfe^CDMCC*; 
V-FllS3 6^m^o 7^-F««S3 4*J 
•fctJPj&V- FfflWtt3 Jt^XOttlKtt&JK. 

[0018] • €SiM3 0 te, ^UttCDjg 

2-fe^l/-^3 8, 40tc^^n^CiCC 
<fc 0 , HKB-ls^ 1 2 a *s«jsSS n£„ SBB-fe^ 12a© 
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ailK4 2 a , M^#*JftttJJiilE84 4 b te^vm&M 
*«*&atilK4 6 a«^6ia^o afiSP-te^ 1 2 a CDS 
iS#fif&ffl*SJtefc^ ^2&{*gEfcHiiil3&4 6 b , am 

[ 0 0 1 9 ] m 1 -fe-rSU— *3 8 ti, T^— FflMSg3 
4CC3^T^ffi3 8 atc«S**^«aiS4 8*RW&o C 
©«S»^as»4 8 iH4*f:*ftfeat]IK4 4 aCC— 
10 38OT#»M-r*£<t*>cc. <*5**^SfaiSil884 4 btc 

[002 0] »2-feAU-3r4 0<D#V- FfflK«3 6 
tC*t|fiJT*ffi4 0 a*CW\ »l-fe-rCU — *3 8 £1*181 
CC. W«#Rfbm#;*f^«ilK4 2 a cfcBKbffltf^Sf 
£Uiiilg&4 2 b £«:aiirs»»*©R^bSiJ*'^SfeiS5 
0**Rtt6*i£. ^2-feAU-^4 0(Dl4 0b(ClJ, 
feSMtftttlSt BK 4 6 a £&&«ttSEttaaig4 6 b 

[002 1 ] FI111 1 6 a» % 

20 ^^^(D^2Sm<*^-5^;l/-cftRg$ti-ci^. CCD 
fcy- FiMfil 6 a©Sa^— «B5tC6i. flO&CC 

[0 0 2 2 ] 1 8 a«\ H 2 *J <fc CXH 3 tCTjx-r 

5 8 ^HK(!i*M 6 0 ^ U tRW6n-5. C<D*& 
i7^;lA5 8{J, Wxlf. ^'J>f5F, #ijxx^ 
£fctt#L> .x^U>^rU:7#u- h ( P E T ) *-C«J3* 

30 [0 02 3]^IISb-^56^ 09*. tf. - * drJU-fi- 

<D^2->mKP 1 (^4#E) Cti«IBft 
7^;l/A5 8*CM1^67 5*-H>t»fiJ$n5. # 

-rztc&tc. m4icjjk?wife<DJ*2-~>miRP 1 ©fife, 

EI57!iMia8K:^-r^fS©^^^->^P2, 
P3, P4^cfct>*P5tC^MoJ^-C^>-S„ 
[0024] Ig&SM* 1 8 a *V- FflHRWC 1 6 
40 a<L|5j— ©%Tffi, ^M*£:tefc><5£fc^cj;& 

[002 5]ftfe T/-Fffl*lfil6b*5j:^jS 
BWstl 8 bfflltt, Jb^b/c^7V- FMJRWR1 6afcJ: 

zfsmstti 8 a{Bij<bi5)ii^i#^$n"c*5 0, fHj— ©^ 

[0 02 6] ^V-FdiM^Kl 6a, 7/-FIKI 
il6b, MWl8a, 18bfc<fc0fx>F^l/- 
50 h2 0a, 2 0 btctt, iSSB42^H 2 aiPiatC. S2 



C4) 

5 

*r6j-««W{C»<fcSiJ^«*&«ill»4 2 a, MUX* 

wen*— -ts % mmjymmffim&icft&M&mmmmm 

4 6b, fgmtfxm&&M3&4 4 a*J<fcCfMYt»J/7^SF 

[0 02 7] FfflMMWEl 6a*5cfc^T^-FffliJ 

Sl^ffil 6bCCK. #jxJ£, ^e-^^CD^ 
T) #m»WCc»«S*i£ <!:<!:*>«:* §mm*l 8a, 

1 8 bfCW v Flllfil 6 a*5 J^tfrfBT 

[0 02 8] c©«l:^CC*J5R$n^«S*4*?teX^ ^ * 1 
[0 02 9)01 Kl7jVr«fc 5*C. *Kf4*fe*# * ^10 

ti. $6^^«<*ft*&iSjiK4 6 atC«*-t>J.^U> 

a£>, ^^io i*rc&£, ^EPA^fattSte^ 20 

:b£ ntcMWomGL*zJ\> 1 2 *?<t^gp-fe^ 12a, 1 

[ 0 0 3 0 ] m 2 fC7^-r<fc ^tc, BKb#w*{ft*aaiiB 
42 aLicm&ztitcmitmtfxte* ^epa^^o-c 

K5 0CC5»ASti/c»Yfc»J^Xtt. *V- KUWS3 6 
CC»oT#»U Mffc«0^Stmaa»4 2 b3^6ffiffl 
j»*©»ffc»J#:*#Sli4J3n£. 30 
[0 03 1 ] — «8SX/^«*&aaiffi4 4a(C«»3 

U-£3 8<D®3 8 atCRC^6nr«'*'S*8**^*854 
8Cc^A^4a^> 0 «Sf42/*«cB4 8(c*A3ftfc«B*/ 

*<DBWBJ»**^/^A«*8W^xSfaa2iB4 4 btcgEUJS 

S3 4«:etl&Sti*«S*4^Xi^ % MMttfinrt-CttSl 
fl^JS£fc<J:0?iS»<*n, W«3^tf*>ti*. 40 

[0 032] « /c. &*mft0U&2ilB4 6 a tc«|&S 
tiA:?&aia#« % S2-b^l/-^4O0D!4 0 b CCtttt 

sait* 3 0 <D^m®rt^^ u &&m#smm 
M4 6 ba>6g?u;*ns. 
[0033] ic^t. *sf*srfex*** 1 ocotae 

ifi. ^SS«Tr$>^^tcfi k 8a, 18 

b fcflteRT 6 Cc li«tBj&f4mft&x * ? * 

1 otif>t>nt>&m52ti*>. c<Dtc#>. mom is 

a, 1 8 b Bf**5flna&3*i, iufBj^SW* l 8 a. 18 50 
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bfci&mis-cm&ZtiX^&imSb-teJV 1 2 a, 12bJ&* 

[0034] c n&c j: 0 , jK««rfex ^7^10 <omu 

■feil/12a, 1 2 b^6C0fiSaft6c<t0. CCO^SP-feJH 
2a, 12 b rt-C** L/c*fl6**s«ffi-r £ C <b 
l>. aSW-fe-rt/ 12 a, 1 2 bcr>^a{£T^rPlih 

■T 6 C i a&s-C* , l«ffi^H5-fe;l/ 12a, 12b <D^Ht£ 

[0035] c cx\ ^mmmmx'it. smmt 1 8 

a, 18 b**, e^JKafc^-Ol/AS 8 fc: 

1 8 a , 18b», m$tfi0. Imm—m 

[0036] £/c, ^*cdx^ 9 ^agsMfas-rra:* m& 

> F^U- F©rt«J«:ffl||fM03|fej|ftS*siB»sn"CC» 

[0037] cntc^ur, *»wontBKi-ctt, 

i7-{;l/A5 8tcJ:0^JllSb-^5 6^7S^-hU 
tl^o CCD/cfe, »^18a, 1 8 b ^ 
V- KfflftlS 1 6 tute&ZfT KMJIMBK 16bi 
jh> F^'U- h 2 0 a, 2 0bi^it5i^Wl 

[0 03 8] S£-?t, ^JBKJKTtt, ^ 

[003 9] 3 etc, ^fi^^r^/c^, ^JH?gt - 

[0 040] $ e>tc^/c, Mxtt ^ 

Mlgt-^5 6*&fS©^^->?&KP 1 (i4#l) 

6c ^7tC^-T^f^CD>'^^->^t^P4^:31tR 



(5) 



[004 1 ] L,*>*>, ii?gt-^56Mt^S 
[0 04 2] 



[02 ] m&M&mmxz * 9<&K»&mttWBT?*> 

[0 3 ] iJia«8f4S«fex^ ? ^€r«fi£r**«ftSP«©— 
[04] Sus2«*»«*t*«fiE-rS^ISt--^<Z>^"^- 
[0 5] BuSa*«fSfc-^©flfe^^^-->»tR©lft9«0 
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1 0 -JBWfKfe^ £ ? * 12 •• ^{J-fe;U 

12 a. 12b-89»2;b 

1 6 a-*V- Kil^S 1 6 F 

2 0a, 20b- 

3 6 - FWJ 

4 2 a-BMtSRI# 
4 4a * 
4 6 a 

4 8 -MB4*/;*S6 

5 5 8-*g7-<;I/ 

6 0 -HMAHM P1-P5 
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3 — F 



3 8.4 0- --fe^lx — £ 

4 2 b»*ffiMb#J#*gffcHiIilK 

20 4 4b » -amttxm aamss 



4 6 b--?»aWflff|illiB 

5 0-iWX« 
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